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1 CORE OF THE REPORT FOR THE PERIOD: PROJECT OBJECTIVES, 
WORK PROGRESS AND ACHIEVEMENTS, PROJECT MANAGEMENT  
 
The recommendations received by the project’s referees from the reviews of previous 
reports concerned some delays experienced in a few activities (Task 4.2, Work 
package 5 and work package 6), whose completion was however ensured within the 
6-months extension granted by the Commission on 6 July 2015. 

1.1. Project objectives for the period 
 
Objective 1. To provide baseline data on biodiversity in selected agro-
ecosystems and adjacent habitats through field surveys in non-GM 
cultivations. 
In this first period members of the Consortium have conducted literature surveys to 
assess the current status of knowledge on the trophic webs in the two selected agro-
ecosystems (maize and potato). This information was compared with the EFSA 
arthropod data base to provide, where relevant, additional inputs. In the growing 
season 2013 and 2014 specific surveys in non-GM agro-ecosystems were conducted 
in the different regions in order to complement with the most up-to-date knowledge. 
In Bulgaria, where the numbers of available potato fields was more limited, a third 
collection was done in 2015 in order to increment the data set available. Taxonomic 
identification of the specimen collected is mostly finalized, but for a few taxa 
specialized taxonomic expertise will be needed, therefore the complete faunal lists 
will be available in future publications by the consortium members.  
 
Objective 2. To define lists of suitable potential bioindicators (species 
assemblages and/or ecosystem functions) fine-tuned for specific European 
regions 
In this period, additional laboratory studies were performed by several partners, using 
focal arthropod species selected according to the criteria indicated in the EFSA 
Guidance Document on the risk assessment for Genetically modified plants. These 
data on the amenability of several species for laboratory studies, together with 
exercises conducted using the selection procedure suggested by EFSA will furnish 
further information useful to produce the expected lists of indicator species. Possible 
indicators were identified concerning: - soil organisms, crop-dwelling non-target 
organisms, pollinators, butterflies for landscape monitoring. 
 
Objective 3. To improve knowledge on potential long term environmental 
effects of GM plants 
The work culminated in three tools for use in ERA and PMEM and a central 
geospatial database, all of which have potential use well beyond AMIGA. 1. Multi-
attribute decision model DEXiES. This model linked interventions (agronomy and 
crop) through life forms (plants, invertebrates, microbes), ecological processes to 
high-level outputs or ecosystem services; 2. Process-based model of C and N 
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changes in crop growth. An existing model based on crop physiological processes 
was adapted for potato and maize then to assess the impact of introducing a GM 
crop to existing crop systems in receiving environments; 3. Spatial upscaling. An 
approach to upscaling data from field trials to assess regional impacts was developed 
using IACS data for the crops grown over time in each field of a region. 
These tools were tested in other AMIGA work packages and are suggested for use 
by risk managers. 

  
Objective 4. To provide practical examples for testing the efficacy of the new 
EFSA Guidelines for the ERA of GM plants 
Field and laboratory studies in AMIGA were designed according to the requirement of 
the updated EFSA ERA Guidance Document. The experimental designs and 
protocols were previously agreed upon by the partners involved in each specific work 
package and then validated during successive field experiments. The statistical 
model previously prepared in work package 9, was used to support experimental 
design for difference and equivalence testing approach. 
Experimental protocols and a statistical model to design them, are now available in 
support to environmental risk assessment in Europe. Specific considerations of the 
characteristics of the different receiving environments are included in the protocols. 
 
Objective 5. To explore possible strategies for data-driven post market 
monitoring of GM plants 
The validation of the Butterfly monitoring protocol, designed during the first AMIGA 
period, was conducted in three European countries (Romania, Spain and Sweden), 
three monitoring seasons were completed and relative data analyzed. The protocol 
for butterfly monitoring proved to be effective and applicable for PMEM activities. A 
monitoring of pest adaptation to resistance traits expressed in GM crops was 
completed in Argentina. The FlorSys nad the spacially esplicit model model was 
aiming at estimating impacts of Bt-maize on non-target organisms were completed 
and a range of simulations was carried out to assess the possible implications of 
introducing Bt and HT maize crops under different scenarios. Recommendations 
were elaborated to propose to better integrate Environment Risk Assessment, Risk 
Management and PMEM through a continuous and dynamic Risk Assessment 
process. 
 
Objective 6. To estimate the compatibility and sustainability of GM crops within 
the principles of Integrated Pest Management 
IPM-oriented field trials including GM maize and potato were completed in different 
geographic zones. Locally-appropriate practices have been included in the protocols 
for IPM to reduce pesticide use, and enhance ecosystem services. The final results 
indicate the use of GM crops is compatible with these approaches, however 
appropriate management options are advised to mitigate possible effects due to 
selection pressure against target pests.  
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5. Evaluate the suitability of the automatic arthropod counter device, the Edapholog, 
for monitoring purposes; 
6. Manage PhD student Marco Ferrante's overseas experience at INTA, Argentina 
 

Description of work 
Field observations were organized for the third year in the location near Popovyane 
village, the area of Samokov, South-West Bulgaria (Figure 1).  

 
Figure 1. Pitfall setting at the commercial potato fields 

 

 
 
 
Arthropod biodiversity and abundance were monitored in a commercial potato field by 
using 10 pitfall pairs of traps for three months in the growing season (June, July and 
August). The traps were laid according to the common AMIGA design and left for one 
week each month. Plant-dwelling arthropods (Figure 2), including major pests aphids 
and Colorado potato beetle, were detected visually on 100 plants (10 plants 
randomly selected around every pair of pitfall traps), six times per season. Cropping 
practices with particular reference to plant protection measures and meteorological 
data (collected by a meteorological station Decom®) were recorded.  
All specimens caught were identified to species level. The data collected were 
compared with data from the two previous growing seasons in the same area. In 
2016 all results collected during three consecutive growing seasons were 
summarized and prepared for publishing.  
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Figure 2: Examples of arthropods detected during visual observations. Left: Lygus pratensis, Right:  
Dasypoda hirtipes nesting on the margins of potato field.  

 
During the reporting period, biological material from the latest field collections in 
Romania was evaluated in loco.  
 

Achievements  
1. The symposium on protected butterflies and GM crops, was held as planned at the 
European meeting "The future of butterflies in Europe", Wageningen, Netherlands, 
March-April 2016. Three AMIGA participants (S Arpaia, A. Lang, G. Lovei) presented 
talks at the symposium. 
2. Three posters were prepared and presented at the final project meeting in 
Brussels, May 2016 
3. An internal report (Barone et al. 2015) was completed in November 2015 about the 
suitability of the automatic arthropod counter device, the Edapholog, for monitoring 
purposes. 
4. M. Ferrante completed a successful field study from mid-November 2015 to March 
2016, a full maize cropping season, at INTA Manfredi, Cordoba Province. A parallel 
set of predation monitoring was collected from Argentina, using the same field design 
as in the other European countries (Denmark, Slovakia, Romania). The overall 
predation pressure was comparable to values measured in Europe. This work will 
lead to two MSs (under development); 
5. A symposium was organised by G Lovei at the International & European 
Conservation Biology Conference, Montpellier, France, August 2015, on 
"Conservation biology impacts of GM crops", where several AMIGA partners (ENEA, 
Univ. Palermo, Aarhus University) presented results that will be published as a 
Special Issue Section in the peer-reviewed international journal “Insect Science”, 
during 2017. 
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(Atlantic), Sweden (Boreal), Slovakia (Continental) and Romania (Balkan)). Data 
collection in GM- and isogenic potato fields was done in Ireland and The Netherlands 
(both in the Atlantic region). In Spain and Slovakia, in 2015 additional field trials have 
been conducted.  

 
Progress achieved  

a. Field studies 
The NTO-field trials have yielded standardised data-sets on the relative abundance 
of arthropods in the maize agroecosystem. The most abundant functional groups in 
all regions were predators of the families of ground beetles (Carabidae), rove beetles 
(Staphylinidae), and spiders belonging to the families of Lycosidae and Lyniphiidae. 
Analysis of the most abundant NTO-taxa revealed differences between the 
biogeographical regions (Table 1).  
Arthropod biodiversity was measured using pitfall traps in potato agro-ecosystems in 
Ireland and The Netherlands over two years. Statistical analysis was performed to 
assess the impact of site, year, potato genotype, and fungicide management regime 
on arthropod community composition. Three potato genotypes were compared: the 
cultivar Désirée, susceptible to the late blight oomycete pathogen Phytophthora 
infestans, a genetically modified cisgenic clone of Désirée resistant to P. infestans 
and the ‘traditional’ cultivar Sarpo Mira, also resistant to late blight. We aimed to test 
several ways to measure biodiversity in the context of risk assessment by using both 
univariate biodiversity indices and multivariate ordination methods, categorizing the 
pitfall trap catch by taxonomic or functional category. The Shannon-Wiener and 
Simpson biodiversity indices both showed strong differences between sites, years 
and potato genotypes, but showed no effects of the fungicide management regime. 
The effect of genotype was due to cultivar differences between Désirée and Sarpo 
Mira rather than between the GM-event (A15-31) and its isogenic comparator 
Désirée. 
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Table 1: Pitfall trap catches summed for 20 traps per site (# specimens caught/week/2000 m2) of soil-
dwelling arthropods in NTO-maize field trials in five sites in five EU countries each located in one of 
the five biogeographic European regions. Most abundant taxa per functional group found in pitfall 
traps in mid-July. From the pitfall trap catches in Slovakia and Romania only Arachnida and Carabidae 
have been identified. 
 

Spain Sweden Denmark Romania Slovakia 
Herbivores 
Acheta sp. 413 - -   
Cicadellidae 120 139 9520&   
Chrysomelidae - - 287   
Thysanoptera - - 449   
 
Predators 
Arachnida 157 - -   
Lycosidae 156 - 2100# - 73 
Linyphiidae  - 1560 - - - 
Theridiidae - - - 76 - 
Phytoseidae 64 - -   
Labidura sp. 82 - - 
Carabidae 66 612 2350 283 902 
Staphylinidae - 125 1798 
Formicidae 88 - 91 

 
Detritivores 
Oribatida 1638 - - 
Collembola 1713 583 30730 
Phoridae 145 - - 
Cryptophagidae - 97 880 
Protura - - 216 
Diplopoda - - 899 

- : not found; & The numbers for Cicadellidae given for Denmark refer to all Homoptera pooled.   
#  The numbers for Lycosidae for Denmark refer to all Araneae pooled. 

 
Multivariate permutation analyses and redundancy analysis (RDA) ordination 
confirmed these findings and also showed interactions between year, site and either 
genotype or treatment. The added value of the multivariate analysis was that it 
provided information on the specific arthropod groups or taxa that contributed to 
community structure (Figure 3). Multivariate analyses are recommended for use as a 
sensitive method to compare functionally important arthropod groups driving 
community structure within the framework of environmental risk assessments, or for 
the process of indicator species selection. 
 
 



14 
 

Figure 3: Graphical representation of the effect of site in 2013 & 2014 in Ireland (IR) and The 
Netherlands (NL) on the arthropod community as defined by family or order groupings using 
Nonmetric Multidimensional Scaling (NMDS). 

 
 

Overall, relative abundance of arthropods in maize and potato as observed in AMIGA 
field surveys corresponds with that of the EFSA European Arthropod Database and 
provides significant additions for underrepresented countries, biogeographical zones 
and functional groups. 
 
In a Master thesis developed at Lund University the effect of GM and conventional 
maize cultivation on parasitoid abundance and diversity was studied in the Amiga 
field sites in Scania, Sweden. This was the first field study of parasitoid Hymenoptera 
in maize which represents a new crop for Sweden; parasitic Hymenoptera can 
function as biological pest control in maize and the aim of this project was to 
investigate if there was a difference between GM and conventional cultivars, and to 
analyze more generally the relevance of maize parasitoids over the season. Species 
richness and abundance did not differ between GM and conventional maize, but 
abundance of parasitoids was higher in August than in June. There was however no 
difference in diversity between samples collected in June and August. 

 
b. Laboratory studies 

Genetically modified (cisgenic) potato clones which expressed resistance to 
Phytophtora infestans through the insertion of a resistance gene (Rpi-vnt1), from the 
potato relative Solanum venturii, together with the isogenic control (var. Desirée) 
were used for laboratory in planta tests. The newly expressed event in the cisgenic 
clone is not expected to produce any effects on arthropods. A tritrophic system 
consisting of potato plants, the potato aphid Macrosiphum euphorbiae and its 
parasitoid Aphidius ervi has been selected for this study. 
Three different bioassays were conducted to assess the effect of two cisgenic clones 
(A15-45, A15-31) on the aphid life parameters. Cisgenic genotypes were evaluated 
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including brain anatomy. One more manuscript on pollen foraging of honey bees in 
agricultural landscapes by using DNA meta-barcoding is ready for submission to 
PlosOne. 
In a Master thesis developed at Lund University, bee diversity, abundance and 
temporal trends in maize were studied in southern Sweden for three years. The 
influence of surrounding landscape and the use of the maize MON810 on bee 
abundance and diversity were analysed. No effects of the genetically modified maize 
on bee abundance and diversity in three pollinators’ groups (honeybees, 
bumblebees, solitary bees) were found, which is in accordance with previous studies. 
There was a significant positive effect of the percentage of surrounding non-
agricultural area on bumble bee and solitary bee abundance as well as on solitary 
bee species diversity. This effect was greater during certain months of the sampling. 
Bumble bee abundance and diversity were greater with increasing non-agricultural 
area in June. Solitary bee abundance was greater with increasing non-agricultural 
area especially in July. 
 

Output list 
- Danner, N., Molitor, A.M., Schiele, S., Härtel, S., Steffan-Dewenter, I. (2016) Season 

and landscape composition affect pollen foraging distances and habitat use of honey 
bees. Ecological Applications 26: 1920-1929. 

- Steijven, K., Steffan-Dewenter, I., Härtel, S. (2016) Testing dose-dependent effects of 
stacked Bt maize pollen on in vitro reared honey bee larvae. Apidologie 47: 216-226. 

- Ingolf Steffan-Dewenter, Stephan Härtel, Karin Steijven, and Nadja Danner presented 
AMIGA related data on several conferences (e.g. Annual German Bee Institute 
conference 2015, 2016). 

- Würzburg University is going to publish further data on ERA data obtained from in-
vitro rearing studies on honey bees. 

Milestones and deliverables completed. 
All milestones were successfully achieved.  
The following deliverables have been completed during this reporting period: 

- 6.2 - Reports on risks of GM crops to bee pollinators and pollination services;  
- 6.3 – Report on pollinator monitoring and honey bee exposure were completed.  
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followed up with a post-emergence application of glyphosate  

Bt-Pr+G: maize Bt cultivar DKC6451YG treated with a pre-emergence application of 
the lowest registered rate of a conventional used residual herbicide, followed up with 
a post-emergence application of glyphosate  

Bt-2G:  maize Bt cultivar DKC6451YG treated with two glyphosate applications 
applied at post emergence 

Bt- HR+G: maize Bt cultivar DKC6451YG treated with the HR treatment employed 
and a second treatment with glyphosate both applied post emergence 

 

Weeds 

Detection and identification studies of weed seed bank were almost completed, table 
2 shows a summary of the data obtained. A clear patchy effect was noted during data 
analyses 

 

Table 2. Mean numbers of weeds emerged under different treatments 

Treatment Seed Mean No. of emerged weeds 

    2012 2013 2014 

C C 

 

55,8 ± 36,7 37,8 ± 42,4 

Bt 

 

70,2 ± 77,9 34,4 ± 17,4 

HR C 6,8 ± 6,5 35,8 ± 35,7 35,0 ± 14,5 

Bt 7,4 ± 6,2 73,8 ± 72,1 61,2 ± 32,0 

Pr+G C 

 

24,0 ± 21,5 15,6 ± 11,2 

Bt 

 

22,8 ± 9,6 39,0 ± 18,7 

2G Bt 2,8 ± 1,9 19,2 ± 15,3 47,8 ± 33,7 

Hr+G Bt 7,0 ± 3,5 101,4 ± 73,7 23,6 ± 15,5 

 

Data of field management and of distribution and abundance of weeds were 
organized and the analysis of the data related to abundance, diversity and herbicide 
management are still ongoing. In figure 5 the mean of the three years for weed 
abundance per treatment are presented. 

 

Figure 5. Mean weed density detected according to the different treatments 
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Non-target arthropods 

Classification and identification of sampled arthropods were continued. All the 
remaining samples from yellow sticky traps and visual surveys have been processed. 
Small predatory arthropods from 2013 and 2014 pitfall samples, remaining in filter 
papers (mainly acari), have been separated from soil particles and identified. The 
results of the assessment of non-target arthropods populations obtained in samples 
from 2012 are shown below. 

- Visual samplings 

The functional group “Other arthropods”, which includes taxa with different feeding 
habits, represents the most abundant detected in visual inspections of plants; 
springtails (Collembola) were by far the most represented taxon. Prevalent herbivore 
groups were Thysanoptera and Cicadellidae. The most abundant groups of predators 
were Coccinelidae, Anthocoridae, Chrysopidae, Araneae and Aeolothripidae. Details 
of taxonomic diversity within each group are presented in figure 6. 
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Figure 6. Results of arthropod diversity during visual samplings in maize experimental field in Spain in 
2012. 

 

 

 

No much differences were observed when field collected data were pooled according 
to treatments (Figure 7) 

 

Figure 7. Abundance of arthropods groups, found in the different treatments by visual inspection 

 

 

 

 

 

 

 

- Pitfall traps 

The most abundant predators captured in pitfall traps were Lycosidae, Dermaptera, 
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Linyphiidae, Carabidae and Staphylinidae. Almost all phytophagous arthropods 
captured were Gryllidae. Some parasitoids were also captured in pitfall traps, all of 
them belong to Genus Baeus. (Hymenoptera: Scelionidae), parasitoids of spider egg 
sacs. Detailed taxonomic information relative to specimen collected in pitfall traps are 
shown in figure 8. 

 

Figure 8. Results of arthropod diversity collected in pitfall traps in maize experimental field in Spain in 
2012. 

 

 

 

 

 

 

 

 

No much differences were observed when field collected data were pooled according 
to treatments (Figure 9) 

 

Figure 9. Abundance of arthropods groups, found in pitfall traps according to the different treatments: 

Yellow sticky traps 

The arthropods most frequently found in yellow sticky traps were phytophagous 
(mainly Cicadellidae and Thysanoptera). Parasitoids mostly belonging to the families 
Mymaridae and Trichogrammatidae were also frequently captured in sticky traps. The 
most abundant groups of predators in these traps were Aeolotripidae. Specimen 
belonging to the family Chironomidae where the most frequently captured in the 
group classified as “Other arthropods”. . Detailed taxonomic information relative to 
specimen collected in sticky traps are shown in figure 10.  
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Figure 10. Results of arthropod diversity collected in sticky traps in maize experimental field in Spain in 
2012. 

 

Again, no much differences were observed when field collected data were pooled 
according to treatments (Figure 11) 

 

Figure 11. Abundance of arthropods groups, found in sticky traps according to the different treatments: 
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Description of work 

One of the principal aims of the AMIGA research project, was to provide detailed 
guidance to ERA in the form of protocols for experimental design, procedures and 
analysis. In this reporting period, the statistical elements for such protocols are 
provided.  
The protocol for experimental design specifies all elements that are needed to 
perform a prospective power analysis. This includes the specification of a list of 
endpoints and their hierarchical relations, the specification of intended levels of 
analysis, and the specification of provisional limits of concern to be used as trigger 
values for further investigation.  
Using data sets collected during field experiments by partners of the AMIGA 
consortium, case studies regarding equivalence and difference tests for non-target 
organisms were elaborated (see Figure XXX, as an example). 

 
Achievements 

The AMIGA Power Analysis software was completed, and examples of its use are 
given in the relevant deliverables. Two scenarios are illustrated, one concerning the 
replication in a field trial in a single environment, the other regarding the number of 
environments that would be needed in a multi-environment context. A practical 
approach to set hypothetical limits of concern was elaborated. 
A separate protocol is provided for the statistical equivalence analysis of non-target 
effects. The AMIGA power analysis tool provides data templates and example 
analysis scripts. For the statistical analysis of count data an appropriate generalized 
linear model with over-dispersed Poisson (OP) variation and a logarithmic link 
function has been found to be a pragmatic choice to assess the equivalence of the 
GM and comparator varieties. It is recommended to present results of statistical 
analyses as graphical representations of confidence intervals for the ratio of GM and 
comparator means, together with indications of the limits of concern to allow the 
interpretation of equivalence. 
It is suggested to prepare NTO field trials in a more standardised way by following a 
checklist for the experimental design. Crucial elements are a clear formulation of 
research questions and the listing of endpoints to be evaluated together with 
pragmatic and if needed possibly provisional trigger values (limits of concern) for 
further evaluation. Following the checklist enough information about the endpoints is 
gathered to allow a prospective power analysis to evaluate the balance between 
costs of the intended field trial and the benefit of sufficient statistical power for the 
equivalence assessment. 
 




















































